Summary.
About Scanning electron microscopy of vascular casts has been useful for three-dimensional visualization of microcirculation in renal glomeruli (MURAKAMI, 1971 (MURAKAMI, ,1972 LEE et al., 1972; MORRIS and CAMPBELL, 1978; CASELLAS and MIMRAN, 1981; NAIT0,1984; MURAKAMI et al., 1985) . It has revealed in man and the rat that the glomerulus rarely emits double efferent arterioles (MURAKAMI et al., , 1985 or receives double afferent arterioles (MURAKAMI, 1976 , MURAKAMI et al., 1985 . Our recent scanning examination of the vascular casts has shown that the human glomerulus may emit four or more efferent vessels. These extremely rare anomalies with multiple efferent vessels are reported in this paper.
MATERIALS AND METHODS
A normal left kidney was obtained in autopsy from a 45-year-old man (Japanese, dying of gastric cancer), and perfused through the renal artery with physiological saline and, subsequently, with a low viscosity methacrylate medium (MURAKAMI, 1971; MURAKAMI et al., 1973) . The resin-injected kidney was corroded in a warm NaOH solution, washed in water, and air dried (MURAKAMI, 1971; MURAKAMI et al., 1973) . The blood vascular casts thus prepared were dissected with forceps, and about 3,000 glomeruli were isolated together with their connecting afferent and efferent arterioles.
The isolated glomeruli were mounted on metal stubs, coated with gold in an ion-coater (IB-3, Eiko) and observed with a scanning electron microscope (JSM-U3, JEOL) using an acceleration voltage of 5 kV.
RESULTS

AND DISCUSSION
Two of about 3,000 cast glomeruli here examined were found to emit quadruple and quintuple efferent arterioles, respectively, though they received a single afferent arteriole ( Fig. 1, 2) . Each of these multiple efferent vessels was independently formed and separately originated from the glomerular capillary tuft. The quadruple efferent arterioles were noted in a glomerulus from the juxtamedullary zone of the renal cortex (Fig. 1) . Two of these four efferent vessels were as thick as the afferent arteriole, and descended into the renal medulla.
The remaining two vessels were thinner than the afferent arteriole and terminated within the juxtamedullary zone. Regardless of their thicknesses and distributions, all of the quadruple efferent vessels arose at or near the vascular pole. A scanning electron micrograph of a juxtamedullary glomerulus obtained from a cast human kidney. Note that this glomerulus emits quadruple or four efferent arterioles (E1, E2, E3, and Ed ). The E-/ arteriole was broken and removed since it or its branches ran above the vascular pole, hindering the view of the origins of the E1, E2 and E3 vessels. .1 afferent arteriole, L leaked resin. The quintuple efferent arterioles were noted in a glomerulus from a subcapsular zone of the renal cortex (Fig. 2) . All five efferent vessels were thinner than the afferent arteriole, and terminated in the subcapsular zone. Four of the five efferent vessels arose at or near the vascular pole, the other originating at a point far from the vascular pole.
In addition to these two anomalies of multiple efferent arterioles, 34 glomeruli were noted to have double or triple efferent arterioles (32 with double efferent arterioles, and two with triple efferent arterioles), and two glomeruli were found to possess double afferent arterioles.
Of the double efferent arterioles in a juxtamedullary glomerulus, the thinner one had a heterotopic origin near the urinary pole of the glomerulus and terminated within the juxtamedullary zone; the other thicker one originated as usual at the vascular pole and descended into the renal medulla (Fig. 3) . Furthermore, one subcapsular glomerulus was found to receive double afferent arterioles and emit double efferent arterioles.
In this case, the glomerulus, though conglomerated into a single capillary tuft, could be divided into two parts or lobules-each of which received one of the double afferent arterioles and also emitted one of the double efferent arterioles (data, not shown). A subcapsular glomerulus emitting quintuple or five efferent arterioles (El, E2, E3, E4 and E5).
The E1 and E5 arterioles were broken and removed since their branches ran above the vascular pole and hindered the observation of the E1, E2 and E3 vessels. Also note that the E3 arteriole arises at a point distant from the vascular pole and that the E2 arteriole shows a precocious branching and gives off two daughter twigs (p) near the vascular pole. A afferent arteriole, L leaked resin.
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The two glomeruli described here are characterized by their quadruple or quintuple efferent vessels. As far as we know, few other authors have reported such multiple efferent arterioles. BOENIG (1936) have described triple efferent arterioles using light microscopy of Indian ink-injected and sectioned human kidney samples.
However, their independent origins from the glomerular capillary tuft were poorly visualized because of the limited resolution and depth of focus in light microscopy (MURAKAMI et al., 1971) .
It is interesting that one of the quintuple or double efferent arterioles arose at a point remote from the vascular pole or near the urinary pole. This rare, heterotopic origin of efferent vessel has been described by SMITH (1956) , who observed the sectioned and PAS-stained human kidney samples with a light microscope.
Casts in the rat have shown that the double efferent arterioles are congenital since they occur even in developing glomeruli . This may suggest that these multiple efferent vessels, whose nature seems similar to that of the double efferent arterioles, are also of congenital or developmental anomalies.
A glomerulus with triple or more afferent arterioles has been neither reported previously nor was one observed in the present cast samples, though its occurrence seems possible. A juxtamedullary glornerulus with double or two efferent arterioles (E1 and E2). Note that one (E2) of the double efferent arterioles arises near the urinary pole. Inset shows a closer view of the E2 vessel. .1 affererent arteriole. x 200, Inset: x 500
